Study objective -To examine the potential for stroke prevention by avoidance of hazards related to lifestyle. Assessment Main results -The hazards of cigarette smoking for stroke were confirmed and noted to persist for one to two decades after stopping smoking. Cigarette smoking was estimated to have caused 49% (95% confidence interval 22, 67%) of the strokes in this population with roughly equal contributions from current and former smoking. Combinations of cigarette smoking (current and former) with lack of exercise or previous obesity apparently caused 62% and 72% of the strokes respectively. If cigarette smoking, lack of exercise and obesity were all avoided, 79% (32, 94%) of the strokes could potentially have been prevented. No stroke patient reported a combination of never smoking, taking regular exercise aged 15 to 25, and avoidance of overweight (body mass index >25 kg/m2).
(7 Epidemiol Community Health 1997;5l:138-143)
The extent to which lifestyle can prevent stroke has received surprisingly little attention. Cigarette smoking is now widely recognised as a risk factor for stroke.' 4There have, however, been few estimates of the proportion of strokes likely to have been caused by cigarette smoking in populations at risk (population attributable risk fraction). Considerable doubt also remains concerning the speed with which those stopping smoking return to the risk of those who never started. An Australian case-control study of hospital patients with "non-embolic" cerebral infarction has suggested the increased risk persists at least 10 years.2 No increased risk of overall stroke, however, was seen in former smokers in the British regional heart study cohort and the risk quickly returned to baseline in the American nurses cohort.34
There is increasing evidence that other potentially avoidable hazards are also important causes of stroke, for example lack of exercise and excessive body fat.5`8 Case-control methods, allowing a lifelong view, have not yet reported the extent to which stroke is preventable by avoidance of particular combinations of hazards which are within the potential control of the individual. The west Birmingham stroke project was designed to examine the contribution of single and combined lifestyle related risk factors in causing stroke. Data from the study have already indicated that lifelong exercise and and the avoidance of overweight and obesity protect against the risk of stroke.78 The community setting of this study has the added advantage of allowing estimates of the proportion of strokes caused by particular exposures (the population attributable risk fraction) or combinations of exposures. These estimates, although strictly only appropriate for the study population, will reflect the picture in populations with similar characteristics.
Methods
The detailed methods of this case-control study have been previously described.7 Those individuals currently on the register of Subjects were randomly selected from the general practice population to match broadly by age and sex the incident stroke case distribution (frequency matching). The same exclusions applied as for stroke patients.
ASSESSMENT
The cases and controls were all anthropometrically assessed and interviewed by a single observer (RS) using a standard structured questionnaire. Stroke patients were seen as soon as possible following the event. When disability prevented an adequate response the closest relative or friend was interviewed.
Cigarette smoking status was classified into never, former, and current smokers by responses to to the questions; "Have you ever smoked cigarettes regularly, that is at least one cigarette per day for one year?" and "Have you smoked cigarettes during the past year?" Former smokers were also asked how long ago they stopped smoking. General practice and hospital notes were also examined for a prior record of cigarette smoking status.
To assess physical exercise, subjects were divided by their response to the question; "Did you often take part in vigorous sports or activities between the ages of 15 and 25 years?" Examples of vigorous exercise provided by the questionnaire were digging, running, swimming, cycling, playing tennis or squash, and keeping fit.
Standing height was measured, when possible, by standard methods using a portable stadiometer. " Lying height was measured in all stroke patients admitted to hospital. For lying height the subject lay on his/her back and an assistant ensured the heels were correctly positioned at the base of the stadiometer. A simple regression equation which related standing and lying height amongst stroke patients who could stand enabled standing height to be estimated for those unable to stand. Cases and controls were asked; "What is the most you have ever weighed?" The response was converted into kilograms and combined with measured/derived standing height to provide maximum reported body mass index: weight in kilograms/(height in metres)2. Harpenden skinfold calipers were used to measure subscapular skinfold thickness using standard methods." Two records for each subject were made and the mean calculated. Sex specific interquartile ranges amongst controls were established to subdivide subjects by the various measures of body fat. Other variables which could confound or interact with observed relations were assessed by questionnaire and have been detailed previously.79
STATISTICAL ANALYSIS
A computer software programme (EGRET)'2 using methods described by Breslow & Day'3 was employed to calculate odds ratios (relative risk) and their 95% confidence intervals. Mantel-Haentzel methods were used to provide an estimate of the odds ratio after adjustment for one or two other variables. Adjustment for several variables was made by use of the multiple logistic regression model. Regression models were fitted using exposure levels of a given risk factor as discrete (factored) variables. The population attributable risk fraction (PARF) and 95% confidence intervals for a given exposure was estimated from the odds ratio and the prevalence of the exposure in the control population according to the equation"':
Inspection of this formula demonstrates that raising either the odds ratio or the prevalence of the exposure will increase the size of the population attributable risk fraction. The population attributable risk fraction ranges from 0 (no effect) to 1 (all cases explained by the exposure).
Results
Altogether 125 eligible stroke patients were identified over 24 months. Forty three (34%) were managed at home. No stroke patient (or relative) declined to participate. Cerebral infarction was diagnosed in 81 patients, intracerebral haemorrhage in five, and subarachnoid haemorrhage in four. In the remaining 35 patients computed tomography within 21 days was either impossible or declined by the patient, relative or attending physician. Twelve first event stroke patients were excluded, eight because they died before assessment was possible, three because of haematological disorders, and one due to mitral valve disease with atrial fibrillation. 198 (96%) of the 207 eligible control subjects agreed to participate.
RECALL OF PREVIOUSLY RECORDED CIGARETTE SMOKING HISTORY
Cigarette smoking status had been recorded in medical records prior to the study assessment in 97 cases and 116 controls. Of the 75 cases 15- 25.
Discussion
The results indicate the substantial potential for stroke prevention which could be achieved through easily identifiable measures related to lifestyle.
CIGARETTE SMOKING
The results of this study confirm that current cigarette smokers are two to three times more likely to have a stroke than those who have never smoked. The study, also, suggests that the risks of cigarette smoking for stroke last one, two, or possibly more decades after subjects have given up smoking. The calculated population attributable risk for a history of cigarette smoking indicates that around half of all strokes in the age group and population studied could have been prevented if people had never started smoking.
The persistent nature of the risk of cigarette smoking for stroke in this study is consistent with other studies of both stroke in those under 75 years of age and cerebral infarction.'2 Another British case-control study found a similar slow decline in risk but a smaller overall risk amongst female former smokers.'5 The findings are also consistent with the results of the British regional heart study for myocardial infarction -another disease related to atherosclerosis. '6 For stroke the latter study revealed only a minimal excess risk in former smokers, although confidence intervals would overlap with those reported here.' The weaker impact of former smoking seen in the nurses cohort may be partly explained by the younger age/fewer pack years that would have been prevalent amongst their former smokers.4 Shinton The risks of current and past smoking are more clearly seen in this study than in some others. There are several possible reasons for this that relate to difficulties that can arise with cohort and hospital based case-control studies. Accurate case definition is a potential problem in large cohort studies as clinical information from possibly less reliable sources has to be used, for example; death certificates, patient recall or a review of clinical records. This is a particular problem as age increases -most cohort studies have included a substantial proportion of elderly stroke patients. Misclassification in these studies would have tended to attenuate the real risks. Another problem raised by cohort studies is the incomplete nature of the exposure history; current smokers at screening may be formersmokers by the time the stroke occurs. Hospital based case-control studies may also underestimate the true risks of cigarette smoking due to selection biases operating on the control subjects. This is because it is quite plausible that those with a history of cigarette smoking are more likely to be under some form of hospital care and thus available to act as a control. This study offered a detailed assessment of all cases in a defined population by a physician, an up to date history of exposure to cigarette smoking and minimal selection biases because of the almost complete response rate and the community based nature of the study. Examination of smoking history recorded in general practice/hospital notes prior to assessment in the study provided little evidence of recall bias. Pipe and cigar smoking will not have exerted any appreciable influence on the results as these habits were virtually unknown in this population (reported by one case and one control).
COMBINATIONS OF LIFESTYLE RELATED RISK FACTORS
Taken together, the combination of cigarette smoking, excessive body fat, and lack of regular vigorous exercise may have accounted for between 70 and 80 % of stroke cases in the population studied. The data of American college alumni, using combinations of cigarette smoking and overweight are consistent with the findings of this study -smoking/overweight students had a stroke morbidity ratio of 2.6 compared with other colleagues. 20 The stroke patients in the alumni study, however, were self reported and exposures had only been measured once, around the age of 20.
The observation that a history of inactivity does not appear to contribute much over and above a history of cigarette smoking is worth comment. There was a trend for the benefit of exercise to be greater amongst cigarette smokers7 but the small number of never smoking stroke patients in this study means that it is difficult to draw conclusions until the potential benefits of exercise in a larger never smoking population have been assessed.
The finding that a substantial proportion of strokes in the age group studied could probably be prevented by avoidance of cigarettes, excessive body fat, and inactivity has implications for health promotion. It conveys a positive message to younger people about the potential to avoid premature cerebrovascular disease. It is also consistent with recent findings about the limitations of advising and encouraging people to stop smoking and lose weight in later adult life.2' The results support the current preventive strategy addressing these risks but add weight to the case for concentrating efforts at those in younger age groups. Working towards creating an environment in which it is easy to adopt these health promoting patterns of living would seem to offer large gains for stroke prevention.
The results highlight particular concern for long term cardiovascular health from the increasing prevalence of obesity in western populations and the associated decrease in activity levels. The fall in stroke mortality attributed to declining smoking in men, better management of hypertension, anticoagulation for atrial fibrillation, carotid endarterectomy and aspirin use could be reversed. The situation is even more alarming in developing countries where smoking is also increasingly prevalent.
